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Uvod

Kardiovaskularne bolesti (KVB) i dalje su vodeci
uzrok smrti u Europi.! Aktualne mortalitetne stati-
stike upucuju na to da vise od 4 milijuna osoba umi-
re od KVB-a svake godine. Neinvazivne metode osli-
kavanja u kardiologiji zauzimaju sredisnju ulogu u
dijagnostici i lijec¢enju kardiovaskularnih bolesnika.
Tijekom 2016. godine objavljeni su mnogi ¢lanci ¢ija
je sredisnja tema prognosticki uc¢inak trenutacno
aktualnih metoda oslikavanja i tehnoloskih inova-
cija u kardiologiji. Izabrani ¢lanci iz te skupine koji
se bave neinvazivnim metodama oslikavanja u kar-
diologiji, ukljuéujuci ehokardiografiju, kompjutorizi-
ranu tomografiju (CT), kardiovaskularnu magnentnu
rezonanciju (CMR), nuklearne metode oslikavanja te
hibridne metode, prikazani su ovdje.

Ehokardiografija

Ehokardiografija je prvi izbor medu metodama
oslikavanja pri evaluaciji kardiovaskularnih bo-

Preamble

Cardiovascular diseases remain the main cause
of death in Europe.! Current mortality statistics
show that more than 4 million people die from
cardiovascular diseases every year. Non-inva-
sive cardiovascular imaging plays a central role
in the diagnosis and management of patients
with cardiovascular diseases. In 2016, many ar-
ticles focused on prognostic impact of current
non-invasive imaging techniques and techno-
logical innovations were published. A selection
of these articles on the use of non-invasive car-
diovascular imaging, including echocardiogra-
phy, computed tomography (CT), cardiovascular
magnetic resonance imaging (CMR), nuclear
imaging, and fusion imaging is presented here.

Echocardiography
Echocardiography is the imaging technique of

first choice to evaluate patients with cardio-
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lesnika. Nedavna analiza najvece javno dostupne baze stacio-
narnih bolesnika u SAD-u pokazala je da je tijekom 2001. 1 2011.
godine uéinjeno otprilike 7 669 000 ehokardiograma te je utvr-
den stalni porast njihova broja s prosje¢nom godisnjom stopom
rasta od 3,41 %.% Iako bi ovi brojevi mogli upozoriti na prekomjer-
nu primjenu ovoga dijagnosti¢kog postupka, rezultati nacional-
nog uzorka stacionarnih bolesnika iz 2010. godine pokazali su
da to nije tako. Pri analizi pet klini¢kih stanja koja su bila os-
nova za 3,7 milijuna hospitalizacija (cerebrovaskularne bolesti,
sréane aritmije, kroniéno zatajivanje srca /KZS/, akutni infarkt
miokarda i sepsa), ehokardiografija je bila u¢injena u samo 8 %
od navedenoga broja hospitalizacija, $to upu¢uje na mnogo nizu
uporabu te metode oslikavanja. Jos bitnije, primjena ehokardi-
ografije bila je povezana s mnogo nizim izgledima za smrtni
ishod hospitaliziranih bolesnika u 5 navedenih klini¢kih sta-
nja. Bit ¢e potrebna dodatna istrazivanja da bismo dobili vise
informacija o povezanosti izmedu dostupnosti ehokardiografije
i klini¢kih ishoda.

Ultrazvuk pluca jo$ je jedan nacin primjene ehokardiografije
te se smatra testom prvog izbora u procjeni plué¢ne kongestije
u bolesnika sa suspektnim akutnim zatajivanjem srca (AZS).?
Detekcija B-linija (refleksija diskretnih artefakata na granici
zrak/tekuc¢ina izmedu kolabiranih, tekué¢inom ispunjenih, te
normalnih, zrakom ispunjenih, alveola) na anterolateralnom
oslikavanju toraksa upucuje na progresivno povecanje kolici-
ne ekstravaskularne tekuéine u pluéima. Broj B-linija mozZe se
sumirati te tako proizvesti semikvantitativni biljeg koli¢ine ek-
stravaskularne tekuéine u plu¢ima.* Povec¢anje dijagnosticke i
prognosticke vaznosti primjene ultrazvuka pluca istrazeno je
u 195 ambulantnih bolesnika sa ZS-om i simptomima II. do IV.
stupnja prema NYHA (New York Heart Association) klasifikaci-
ji.50d 185 bolesnika s adekvatnim snimkama ultrazvuka pluc¢a,
59 (32 %) imalo je = 3 B-linije, dok je samo 17 (9 %) imalo krepitaci-
je priauskultaciji. Bolesnici s ve¢im brojem B-linija imali su teze
simptome ZS-a te visu razinu NT-proBNP-a. Takoder, bolesnici
s > 3 B-linije imali su ¢etiri puta vecéi rizik od primarnog ishoda
(hospitalizaciju zbog pogorsanja ZS-a ili smrtni ishod) tijekom
prac¢enja od 6 mjeseci u usporedbi s bolesnicima bez B-linija
(prilagodeni omjer rizika [HR] 4,08; 95 %-tni interval pouzdano-
sti[CI] 1,95 — 8,54; P < 0,001). Primjena ultrazvuka pluca pruzila je
povecanu prognostic¢ku vrijednost u usporedbi s auskultacijom,
Sto je dokazano poveéanom sposobnosc¢u predvidanja primar-
nog ishoda od 6,4 %. Ovakvi su rezultati obe¢avajuci te pokazu-
ju da bi ultrazvuk plu¢a mogao pomoci u stupnjevanju rizika u
bolesnika sa ZS-om. Standardizacija tehnike, adekvatni trening
za snimanje i interpretaciju snimki te dokazi da terapija vodena
ultrazvukom pluéa rezultira boljim ishodom pomo¢i ¢e uvode-
nju ove tehnike u klinicku praksu.®

Tako je ejekcijska frakcija lijeve klijetke (LVEF) vaZan Kriterij
pri odluéivanju u kardiovaskularnih bolesnika, globalni lon-
gitudinalnu deformaciju lijeve klijetke (LV GLS) mjeren dvodi-
menzijskom speckle tracking ehokardiografijom pokazao je
vecu osjetljivost u usporedbi s LVEF-om u detekciji supklinicke
sistolicke disfunkcije te ima poveéanu sposobnost predvidanja
ishoda.” U populacijskoj kohortnoj studiji u koju je bio uklju¢en
791 bijeli Europljanin (52 % Zena, srednje dobi 50,8 + 15,5 godina),
Kuznetsova 1 sur. pokazali su poveéanu prognosti¢ku vrijednost
LV GLS-a u predvidanju ucestalosti kardiovaskularnih dogadaja
(npr. koronarnih zbivanja, mozdanog udara, novonastale fibrila-
cije atrija, ZS-a, Zivotno ugrozavajucih aritmija i aortnih zbiva-
nja).® Tijekom medijana pracenja ispitanika od 7,9 godina (5729
osoba — godina pracéenja), 96 osoba imalo je bar jednan kardi-
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vascular diseases. A recent analysis of the largest, publicly
available, all-payer inpatient database of the United States
has shown that during 2001 and 2011 approximately 7 669 000
echocardiograms were performed and a steady increase in
the volume of echocardiograms was noted with an average
annual grew rate of 3.41%.2 Although these numbers would
suggest an overuse of this diagnostic procedure, the results
from the 2010 nationwide inpatient sample showed otherwise.
When analysing five clinical scenarios accounting for 3.7 mil-
lion hospital admissions (cerebrovascular disease, cardiac ar-
rhythmia, chronic heart failure, acute myocardial infarction,
and sepsis), echocardiography was performed only in 8% of
the cases indicating a significant underuse of echocardiogra-
phy. Importantly, the use of echocardiography was associated
with significantly lower odds of all-cause in-hospital mortal-
ity in these five clinical scenarios. Additional studies will be
warranted to provide more information on the association
between access to echocardiography and clinical outcomes.

Lung ultrasound is another application of echocardiogra-
phy and is considered a first-line test to assess pulmonary
congestion in patients with suspected acute heart failure.?
The detection of B-lines (reflection of discrete air/fluid in-
terfaces between collapsed, fluid-filled, and well-aerated
alveoli) on the anterolateral chest scan indicates a progres-
sive increase of extravascular lung water. The number of B-
lines can be summed to generate a semiquantitative score
of the extravascular lung water content.* The incremental
diagnostic and prognostic value of the use of lung ultrasound
was investigated in 195 heart failure patients with New York
Heart Association (NYHA) class II-IV symptoms evaluated at
the outpatient clinic.® Of the 185 patients with adequate lung
ultrasound data, 59 (32%) had =3 B-lines while only 17 (9%)
had crackles on auscultation. Patients with higher number
of B-lines showed more severe heart failure symptoms and
higher levels of NT-pro brain natriuretic peptide. In addition,
patients with =3 B-lines had a four-fold higher risk of the pri-
mary endpoint (hospitalization for worsening of heart fail-
ure or all-cause mortality) at 6 months follow-up compared
with patients without B-lines (adjusted hazard ratio [HR] 4.08;
95% confidence interval [CI] 1.95-8.54; P < 0.001). The use of
lung ultrasound provided incremental prognostic value over
auscultation as shown by an incremental discrimination im-
provement of 6.4% for the primary endpoint. These results are
promising and indicate that the use of lung ultrasound may
help in the risk stratification of heart failure patients. Stand-
ardization of the technique, adequate training to obtain and
interpret the data and demonstration that lung ultrasound-
guided therapy results in better outcome will help to imple-
ment this imaging technique in clinical practice.®

Although left ventricular (LV) ejection fraction (EF) is an
important criterion in the decision making of patients with
cardiovascular disease, LV global longitudinal strain (GLS)
measured with two-dimensional speckle tracking echocardi-
ography has shown to be more sensitive than LVEF to detect
subclinical LV systolic dysfunction and has incremental val-
ue to predict outcomes.” In a population-based cohort of 791
white Europeans (52% women, 50.8 + 15.5 years old), Kuznets-
ova and colleagues demonstrated the incremental prognostic
value of LV GLS to predict the occurrence of cardiovascular
events (i.e. coronary events, stroke, new-onset atrial fibrilla-
tion, heart failure, life-threatening arrhythmias, and aortic
events).® During a median follow-up of 7.9 years (5729 person-



ovaskularni dogadaj (16,8 dogadaja na 1000 osoba — godina). U
multivarijatnoj analizi, svako smanjenje u LV GLS-u od 1 SD bilo
je povezano sa 75 %-tnim povecanjem rizika od kardiovasku-
larnih dogadaja. Osim toga, dodatak LV GLS-a modelu koji sadr-
Zava nekoliko demografskih i klini¢kih kovarijabli rezultiralo je
poboljsanjem diskriminacijske sposobnosti modela izmedu bo-
lesnika s dogadajem i bez njega (neto poboljSanje reklasifikacije
od 0,31; P =0,003). Pove¢anje prognosticke vrijednosti LV GLS-a
u odnosu prema LVEF-u dodatno je pokazano u studiji koja je
uklju¢ivala 1065 bolesnika sa ZS-om s reduciranim vrijedno-
stima LVEF-a.? Primarni ishod (ukupna smrtnost) dostignulo je
177 (16,7 %) bolesnika nakon medijana pracenja od 40 mjeseci.
Bolesnici koji su preminuli pokazivali su losiju vrijednost LVEF-
a (23,8 £ 9,9 % nasuprot 28,2+ 9,1 %; P < 0,001) i GLS-a (-8,1 + 3,0%
nasuprot -9,9 + 3,2%; P < 0,001) u usporedbi s bolesnicima koji su
prezivjeli. Kada su bolesnici rasporedeni u tercile prema vrijed-
nostima GLS-a, oni u najvisoj tercili (s najlosijim GLS-om) imali
su triput veci rizik od ukupne smrtnosti u usporedbi s bolesni-
cima najnize tercile (najbolji GLS) (HR 3,38,95 % CI 2,3 = 51, P <
0,001). Nakon prilagodbe za klini¢ke i ehokardiografske varija-
ble, LV GLS bio je jedini ehokardiografski parametar neovisno
povezan s ukupnom smrtno$c¢u (HR 1,15 za svakih 1% povecanja
— manje negativnog — u GLS-u; P =0,008) i njegovo dodavanje u
model rezultiralo je pove¢anjem od 9,27% u neto reklasifikaciji
poboljsanja. Ovi nalazi upu¢uju na to da i u bolesnika s niskim
LVEF-om dodatna analiza primjenom LV GLS-a upucuje na jos
losiju funkciju lijeve klijetke (LV) 1 time poboljsava stratifikaciju
rizika. Procjena sistolicke funkcije LV-a mogla bi biti komplici-
ranija ubolesnika s reduciranim LVEF-om i znatnom sekundar-
nom mitralnom regurgitacijom. Praznjenjem LV-a u lijevi atrij
LVEF bi mogao precijeniti stvarnu sistolicku funkciju LV-a. Hi-
poteza da bi LV GLS mogao bolje pokazivati stvarnu sistolicku
funkciju LV-a u bolesnika sa znatnom mitralnom regurgitaci-
jom testirana je u studiji koja je ukljuc¢ivala 150 bolesnika s ne-
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years of follow-up), 96 individuals presented at least with one
cardiovascular event (16.8 events per 1000 person-years).
On multivariate analysis, each 1 SD decrease in LV GLS was
associated with 75% increase in the risk of cardiovascular
events.Furthermore, the addition of LV GLS to a model con-
taining several demographic and clinical covariates resulted
in a moderate improvement in the ability of the model to dis-
criminate between patients with and without events (net re-
classification improvement 0.31; P = 0.003). The incremental
prognostic value of LV GLS over LVEF was additionally dem-
onstrated in a study including 1065 heart failure patients with
reduced LVEF.® The primary endpoint (all-cause mortality)
was reached by 177 (16.7%) patients after a median follow-up of
40 months. Patients who died showed worse LVEF (23.8 £ 9.9%
vs. 28.2+9.1%; P < 0.001) and GLS (-8.1+3.0% vs.-9.9 £ 3.2%, P <
0.001) compared with patients who were alive. When patients
were divided according to GLS tertiles, patients within the
highest GLS tertile group (most impaired GLS) had three times
higher risk of all-cause mortality compared with patients of
the lowest tertile (best GLS) (HR 3.38,95% CI 2.3—5.1; P < 0.001).
After adjusting for clinical and echocardiographic variables,
LV GLS was the only echocardiographic parameter indepen-
dently associated with all-cause mortality (HR 1.15 per each
1% increase — less negative — in GLS; P =0.008) and its addition
to the model resulted in 9.27% increment in the net reclassifi-
cation improvement. These findings suggest that, even in pa-
tients with poor LVEF, LV GLS shows even more deteriorated
LV performance and improves risk stratification. Assessment
of LV systolic function may be more complicated in patients
with reduced LVEF and significant secondary mitral regur-
gitation. By unloading the LV into the left atrium, LVEF may
overestimate the true LV systolic function. The hypothesis
that LV GLS may better reflect the true LV systolic function in
patients with significant mitral regurgitation was tested in a

Peak Systolic Strain 1v]

GLS -7.2%#

Trivial MR

GLS -4.7% A

FIGURE 1. Left ventricular global longitudinal strain vs. left ventricular ejection fraction to assess left ventricular systolic
function in patients with secondary mitral regurgitation. Example of two patients with non-ischaemic cardiomyopathy.
Despite comparable left ventricular ejection fraction (LVEF), the patient with severe mitral regurgitation (MR) has more
impaired left ventricular global longitudinal strain (GLS) as compared with the patient without MR.

Reproduced with permission of Oxford University Press from Kamperidis et al.
This Figure has been reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology.
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ishemijskom kardiomiopatijom, od kojih je 50 % imalo znatnu
sekundarnu mitralnu regurgitaciju.’® Unato¢ podjednakoj vri-
jednosti LVEF-a, $to je bio jedan od uklju¢nih kriterija, bolesnici
sa znatnom mitralnom regurgitacijom imali su mnogo losiji LV
GLS u usporedbi s bolesnicima bez mitralne regurgitacije (-8,08
+ 3,33 nasuprot -9,78 + 3,78%; P =0,004) (Slika 1).

Trodimenzijska transezofagusna ehokardiografija (TEE) mi-
tralne valvule pokazala je znatne razlike u deformaciji mitralne
valvule u sistolickoj fazi u bolesnika s organskom mitralnom
regurgitacijom i u zdravih kontrolnih ispitanika®: straznji je
mitralni listi¢ pokazao veci intenzitet naprezanja nego prednji
mitralni listié, a distribucija visokog naprezanja konzistentno je
pra¢ena na komisurama, grani¢nim zonama blizu mitralnoga
prstenaiu koaptacijskojliniji, dok je sredisnja zona listi¢a imala
najniZze naprezanje. lako su bolesnici s organskom mitralnom
regurgitacijom imali viSe razine intenziteta naprezanja u pred-
njim 1 straznjim mitralnim listi¢cima u usporedbi s kontrolnim
ispitanicima, raspodjela visokog naprezanja bila je sli¢na. Kli-
nicka vaznost ovakvih nalaza zahtijeva daljnja istrazivanja.
Napokon, rezultati studija upuc¢uju na to da bi teZina kalcifi-
kacije aortne valvule mogla biti povezana sa spolom i hemo-
dinamskim promjenama aortne valvule. U velikoj kohorti od
888 bolesnika s teSkom aortnom stenozom koji su podvrgnuti
zamijeni aortne valvule, Thaden 1 sur. pokazali su da su muski
spol, pusenje, bikuspidna morfologija i ve¢a povrsina izlaznog
dijela lijeve klijetke neovisno povezani s ve¢om masom uklo-
njene aortne valvule, dok su dijabetes i arterijska hipertenzija
povezani s manjom masom uklonjene valvule.*? Unato¢ sli¢noj
povrsini aortne valvule, muskarci su imali ve¢u masu aortne
valvule i teZi stupanj kalcifikacije od Zena, $to upuc¢uje na to da
ozbiljnost teZine stenoze aortne valvule ne objasnjava razlike u
masi i tezini kalcifikacija uklonjenih aortnih valvula.

Kompjutorizirana tomografija

Tijekom 2016. godine objavljeno je viSe vaznih publikacija na
polju kardiovaskularne kompjutorizirane tomografije (CT). U
5185 sudionika studije MESA (Multi-Ethnic Study of Atheros-
clerosis), Yeboah i sur. istrazili su prognosti¢ku vaznost netra-
dicionalnih ¢imbenika rizika (kalcijski score koronarnih arte-
rija [CACS], pedobrahijalni indeks, visoko senzitivni C-reaktivni
protein i obiteljsku anamnezu aterosklerotskih kardiovaskular-
nih bolesti [ASCVD] u usporedbi s pooled cohort equation (tre-
nutaénim standardom za procjenu rizika preporucena u smjer-
nicama American College of Cardiology [ACC]/American Heart
Association [AHA]).2 Od svih ¢imbenika, jedina varijabla koja
poboljsava prediktivnu vrijednost pooled cohort equation jest
CACS, $to je izmjereno znatnim, iako skromnim povec¢anjem
u Harrelovoj c-statistici (0,76 nasuprot 0,74, P = 0,04) i totalnim
neto poboljsanjem reklasifikacija od 0,119 (95 % CI, 0,080 — 0,256).
Trenutacne ACC/AHA smjernice o vrijednostima kolesterola
prosirile su indikacije za uporabu statina u primarnoj preven-
ciji podizuc¢i zabrinutost o pretjeranom lijeCenju 1 povecanju
troskova.** U drugoj publikaciji iz studije MESA-e, Nasir I sur.
istrazivali su vrijednost CACS = 0 u reklasifikaciji bolesnika koji
trenutacno ispunjavaju uvjete za statine u kategoriji niskoga ri-
zika, pri ¢emu terapija statinima mozda vi$e nije potrebna.’® Od
2966 sudionika koji su ispunjavali kriterije za terapiju statinima
(statini preporuceni ili razmatrani), 1316 (44 %) imalo je CACS =
0 u vrijeme uklju¢ivanja i promatranu 10-godi§nju ASCVD sto-
pu dogadaja 4,2 na 1000 osoba/godina. Stoga bi ira upotreba
CACS-a mogla pomoc¢i u snizivanju kategorije rizika znatnoga
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study including 150 non-ischaemic cardiomyopathy patients,
50% of them with significant secondary mitral regurgitation.*®
Despite having comparable LVEF as per inclusion criteria, pa-
tients with significant mitral regurgitation had significantly
more impaired LV GLS compared with patients without (-8.08
+3.33vs.-9.78 + 3.78%, respectively; P =0.004) (Figure 1).

Three-dimensional transoesophageal echocardiography
(TEE) data of the mitral valve analysed with proprietary soft-
ware has shown important differences in mitral valve defor-
mation (strain) along the systolic phase in patients with or-
ganic mitral regurgitation and normal controls:* the posterior
mitral leaflet showed higher strain intensity than the anterior
mitral leaflet and the distribution of high strain was consist-
ently observed in the commissures, boundary zones near the
mitral annulus and coaptation line while the central leaflet
zone had the lowest strain. Although patients with organic
mitral regurgitation had higher strain intensities in the ante-
rior and posterior mitral leaflets compared with controls, the
distribution of high strain was similar. The clinical implica-
tions of these findings need further investigations. Finally, it
has been suggested that the aortic valve calcification burden
may be associated with sex and aortic valve haemodynam-
ics. In a large cohort of 888 patients with severe aortic ste-
nosis who underwent aortic valve replacement, Thaden et al.
showed that male sex, current smoking, bicuspid morphol-
ogy, and larger LV outflow tract area were independently as-
sociated with high weight of the excised aortic valve whereas
diabetes and hypertension were associated with lower weight
of aortic valve.? Despite similar aortic valve area, male had
higher aortic valve weight and calcification burden than wom-
en suggesting that the aortic valve stenosis severity does not
explain sex-related differences in excised aortic valve weight
and calcification burden.

Computed tomography

The year 2016 has witnessed a number of important publica-
tions in the field of cardiovascular CT. In 5185 participants of
the Multi-Ethnic Study of Atherosclerosis (MESA), Yeboah et
al. explored the incremental prognostic value of non-tradition-
al risk markers (coronary artery calcium score [CACS], ankle-
brachial index, high-sensitivity C-reactive protein, and fam-
ily history of atherosclerotic cardiovascular disease [ASCVD]
over traditional risk estimation by the pooled cohort equation
(the current standard of risk estimation recommended by the
American College of Cardiology [ACC]/American Heart As-
sociation [AHA] guidelines).®®* Of all risk markers, CACS was
the only parameter to improve the predictive accuracy of the
pooled cohort equation as measured by a significant albeit
modest increase in the Harrel's c-statistic (0.76 vs. 0.74, P =
0.04) and a total net reclassification improvement of 0.119 (95%
CI, 0.080-0.256). Current ACC/AHA cholesterol management
guidelines have broadened indications for statins in primary
prevention raising concerns of overtreatment and increased
costs.** In another MESA publication, Nasir and colleagues
explored the value of a zero CACS to reclassify patients cur-
rently eligible for statins into a low-risk category where sta-
tin therapy may no longer be required.’® Of 2966 participants
eligible for statins (i.e. statin either recommended or consid-
ered), 1316 (44%) had a CACS = 0 at baseline and an observed
10-year ASCVD event rate of 4.2 per 1000 person-years. Thus,
more widespread use of CACS may help to 'de-risk’ a sizable



broja bolesnika da bi se izbjegla terapija statinima u primarnoj
prevenciji.

U podstudiji studije PROMISE (Prospective Multicenter Ima-
ging Study for Evaluation of Chest Pain) ishodi kvalitete Zivota
(QoL) usporedeni su u 5985 bolesnika sa stabilnom koronarnom
bolesti srca (KBS) dokazanih anatomskom strategijom (koro-
narna CT angiografija [CTA]) u usporedbi s funkcionalnim di-
jagnosti¢kim strategijama.'®* Nakon 24 mjeseca nije bilo razlike
u rezultatima Duke Activity Status Index niti u Seattle Angi-
na Questionnaire, a ni u drugim sekundarnim mjerilima QoL.
Randomizirana studija CRESCENT (Computer Tomography vs.
Exercise Testing in Suspected Coronary Artery Disease) imala
je slican dizajn kao PROMISE studija, ali s mnogo manjim uzor-
kom ispitanika (n = 350)."” Povrh toga, bolesnici u anatomskom
ogranku studije slijedili su CT protokol ukljuéujuéi ulazno CACS
skeniranje nakon kojeg je slijedila CTA, i to samo ako su vrijed-
nosti CACS-a bile izmedu 11 400. Nakon pra¢enja od 1,2 godine
nisu registrirano novih dogadaja u 97,2 % ispitanika u skupini
randomiziranih na CT testiranje i u 89,8% u skupini randomi-
ziranih za funkcijsko testiranje registrirani novi dogadaji. Na-
kon CT-a, konac¢na je dijagnoza postavljena prije i rjede je bilo
potrebno dodatno testiranje, sto je rezultiralo nizim ukupnim
troskovima dijagnostike (369 eura nasuprot 440 eura; P < 0,0001).
Ukupno gledajuci, studije PROMISE i CRESCENT unaprjeduju
dokumentiranu neinferiornost pocetne anatomske slikovne
strategije bazirane na CT-u u usporedbi s tradicionalnim stra-
tegijama funkcijskoga testiranja (npr. ergometrija, stres ehokar-
diografija i perfuzijska scintigrafija miokarda) u bolesnika sa
stabilnim KBSom.

Studija The Better Evaluation of Acute Chest Pain with Com-
puted Tomography Angiography (BEACON) randomizirala je
500 bolesnika niskog rizika s akutnim bolovima u prsima koji
su se javili u hitnu sluzbu sedam nizozemskih bolnica, na sku-
pinu u kojoj je radena hitna CTA nasuprot standardnom zbrinja-
vanju, ukljucujuéi serijsko testiranje visoko osjetljivim tropo-
nin-testom (hsTrop).® Skupina s CTA-om imala je manje izravne
troskove lijeGenja (337 eura nasuprot 511 eura; P < 0,01) i manje
ambulantnih pretraga nakon prvog posjeta hitnoj sluzbi (4 % vs.
10%, P < 0,01). Suprotno prije objavljenim Ameri¢kim studijama
sa standardnim troponinskim testovima nije bilo registrirane
razlike u broju revaskularizacija, otpustima iz hitne sluzbe niu
duzini boravka u bolnici. Stoga u eri hsTrop (koja dopusta toc-
nije i brze isklju¢ivanje infarkta miokarda) studija BEACON po-
stavlja pitanje korisnosti ranih koronarnih CTA-a u bolesnika sa
sumnjom na akutni koronarni sindrom.

Za CT deriviranu fractional flow reserve (FFR_) nastavlja
rasti zanimanje i tijekom 2016.: u podstudiji studije Analysis of
Coronary Blood Flow Using CT Angiography: Next Steps (NXT),
Gaur 1 sur. procjenjivali su povezanost izmedu teZine stenoze
koronarnih arterija, obiljezja plakova 1 FFR -a na 484 Zile u 254
bolesnika.” Prisutnost nekalcificiranih plakova male gustoée (>
30 mm?) 1 FFR,, (= 0,80) znatno je povecala dijagnosticku pre-
ciznost koronarnih stenoza u otkrivanju ishemija specificnih
za leziju (kao Sto se procjenjuje invazivnim FFR-om), $to je do-
kumentirano povecanjem povrsine ispod ROC krivulje od 0,71
na 0,90 (P < 0,001). Nerandomizirana studija PLATFORM (Pros-
pective LongitudinAl Trial of FFR: Outcome and Resource IM-
pacts) procjenjivala je utjecaj FFR_-a na klinicke ishode, daljnju
uporabu resursa i troskove u dvama paralelnim opservacijskim
ograncima, jednom s namjerom invazivne strategije (n = 380)
i drugom s namjerom neinvazivnih testiranja (n = 204).*° U
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number of subjects where statin therapy for primary preven-
tion could be avoided.

In a substudy of the Prospective Multicenter Imaging Study
for Evaluation of Chest Pain (PROMISE) trial, quality-of-life
(QoL) outcomes of an anatomical (coronary CT angiography
[CTA]) vs. functional diagnostic testing strategy were as-
sessed in 5985 stable coronary artery disease (CAD) patients.'
At 24 months, there were no strategy-related differences in
the Duke Activity Status Index and the Seattle Angina Ques-
tionnaire frequency scale, or any of the secondary QoL meas-
ures. The randomized Computed Tomography vs. Exercise
Testing in Suspected Coronary Artery Disease (CRESCENT)
trial had a similar design than PROMISE albeit with a consid-
erably smaller study population (n = 350).” Moreover, patients
in the anatomical arm followed a tiered CT protocol including
a 'gate-keeper’ CACS scan followed by coronary CTA only if
CACS was between 1 and 400. After 1.2 years, event-free sur-
vival was 96.7% for patients randomized to CT and 89.8% for
patients randomized to functional testing (P = 0.011). After CT,
the final diagnosis was established sooner, and additional
downstream testing was required less frequently, resulting in
lower cumulative diagnostic costs (€369 vs. €440; P < 0.0001).
Taken together, PROMISE and CRESCENT further document
non-inferiority of an initial CT-based anatomical imaging
strategy compared with traditional functional testing strate-
gies (i.e. stress ECG, stress echocardiography, myocardial per-
fusion scintigraphy) in stable CAD patients.

The Better Evaluation of Acute Chest Pain with Computed
Tomography Angiography (BEACON) study randomized 500
low-risk patients with acute chest pain presenting to the
emergency department of seven Dutch hospitals to immedi-
ate coronary CTA vs. standard care including serial testing
with high-sensitivity troponin assays (hsTrop).!* The coro-
nary CTA group had lower direct medical costs (€337 vs. €511,
P <0.01) and less outpatient testing after the index emergency
department visit (4% vs. 10%, P < 0.01). However, (in contrast to
previously published American trials with standard troponin
assays) there were no differences in the number of revascu-
larizations, the emergency department discharge rates, or
the length of stay. Hence, in the era of hsTrop (allowing more
accurate and faster rule-out of myocardial infarction), the
BEACON study questions the utility of early coronary CTA in
suspected acute coronary syndrome patients.

CT-derived fractional flow reserve (FFR_) continues to
raise interest in 2016: in a substudy of the Analysis of Coro-
nary Blood Flow Using CT Angiography: Next Steps (NXT)-
trial, Gaur and colleagues evaluated the association between
coronary stenosis severity, plaque characteristics and FFR,;
in 484 vessels from 254 patients.’® The presence of low-densi-
ty non-calcified plaque (30 mm?) and FFR_, (<0.80) increased
significantly the diagnostic accuracy of coronary stenoses to
detect lesion-specific ischemia (as assessed by invasive FFR),
documented by an increase in the area under the receiver op-
erating characteristic curve from 0.71 to 0.90 (P < 0.001). The
non-randomized Prospective LongitudinAl Trial of FFR_: Out-
come and Resource IMpacts (PLATFORM) trial assessed the
impact of FFR,, on clinical outcomes, downstream resource
utilization and costs in two parallel observational arms, one
with an intended invasive strategy (n = 380) and one with
planned non-invasive testing (n = 204).2° In the planned in-
vasive stratum, FFR_, lowered mean costs by 33% (88,127 vs.
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skupini s planiranim invazivnim strategijama FFR, je snizio
srednju vrijednost troskova za 33 % (8,127 nasuprot 12,145 USD;
P < 0,0001) nakon jedne godine pra¢enja; medutim, u skupini s
planiranim neinvazivnim pretragama srednja vrijednost tros-
kova bila je malo visa kada se primjenjuje cijena FFR_-a koja je
jednaka cijeni koronarne CTA.

Nakon koronarnih arterija, ovogodisnje publikacije iz podruc-
ja oslikavanja CT-om istaknule su klinic¢ki potencijal ove meto-
de u procjenjivanju valvularnih bolesti. Rano hipo-atenuirano
zadebljanje listica (HALT) transkateterskih implantata aortne
valvule (TAVI) pojavilo se kao novo stanje s nesigurnim pro-
gnostickim i terapijskim implikacijama. Pache i sur. pratili su
156 bolesnika s TAVI uz primjenu rane rutinske koronarne CTA
(medijan - 5 dana nakon TAVI-ja s balonskom ekspandiraju¢om
protezom) te su pronasli HALT u 16 bolesnika (10,3 %) (Slika 2).%
Pojavnost HALT-a nije povezana s antiagregacijskom terapijom
ni s pocetnim ili proceduralnim obiljezjima. Prisutnost HALT-
a nije bila povezana sa simptomima, ali je povezana s restrik-
tivnim pomicanjem listi¢a te nesto ve¢im srednjim transaor-
tnim gradijentom tlaka (14,9 + 5,3 nasuprot 11,6 + 3,4 mmHg; P =
0,026). Puna doza antikoagulantne terapije vratila je normalnu
morfologiju listi¢a te njihovu pokretljivost u gotovo svih bole-
snika. Glinduz I sur. istrazivali su korisnost CT-a u razlikovanju
panusa od tromba nakon kirurske zamjene aortne valvule.?? U
37 bolesnika s disfunkcijom mehanicke aortne valvule i doka-
za periproteticke mase, CT je pokazao mnogo nizu atenuaciju
trombotskih masa (definiranih kao mase koje su potpuno ne-
stale nakon trombolize ili su kirurski identificirane kao tromb)
u usporedbi s panusom (87 + 59 nasuprot 322 + 122 Hounsfiel-
dove jedinice [HUJ; P < 0,001). Granica na 145 HU dala je visoku
osjetljivost (87,5 %) i specificnost (95,5 %) u razlikovanju panusa
od tromba. Konacno, CT je takoder pokazao klini¢ku vrijednost
u procjeni mitralnoga paravalvularnog curenja nakon kirurske
zamjene mitralne valvule. Suh i sur. usporedili su dijagnosticku
preciznost CT-a, transtorakalne ehokardiografije i TEE-a u 204
bolesnika s ranijom kirurskom zamjenom mitralne valvule, od
kojih je 78 podvrgnuto ponovnoj operaciji.® CT je imao vrlo sli¢-
nu toénost u usporedbi s TEE-om, ali se ¢inilo da ima bolju osjet-
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$12,145; P <0.0001) on 1 year follow-up; however, in the planned
non-invasive stratum, mean costs were slightly higher when
using an FFR_ cost weight equal to coronary CTA.

Beyond coronary arteries, this year’s CT publications have
highlighted the clinical potential of the technique to assess
valvular disease. Early hypo-attenuated leaflet thicken-
ing (HALT) of trans-catheter aortic valve implants (TAVI)
has emerged as a new entity with uncertain prognostic and
therapeutic implications. Pache and colleagues followed 156
TAVI patients with early routine coronary CTA (a median of
5 days post-TAVI with a balloon-expandable prosthesis) and
found HALT in 16 (10.3%) patients (Figure 2).?! The occurrence
of HALT was not associated with antiplatelet regimen or any
of the baseline or procedural characteristics. HALT did not
produce any symptoms but was associated with restrictive
cusp motion and slightly higher transaortic mean pressure
gradient (14.9 + 5.3 vs. 11.6 + 3.4 mmHg, P = 0.026). Full anti-
coagulation restored normal cusp morphology and motion in
almost all patients. Glindiiz and colleagues investigated the
utility of CT to distinguish pannus from thrombus after surgi-
cal aortic valve replacement.?? In 37 patients with mechanical
prosthetic aortic valve dysfunction and evidence of peripros-
thetic mass, CT demonstrated significantly lower attenuation
of thrombotic masses (defined as masses which completely
resolved upon thrombolysis or were surgically identified as a
clot) compared with pannus (87 + 59 vs. 322 + 122 Hounsfield
units [HUJ; P < 0.001). A cut-off at 145 HU provided high sensi-
tivity (87.5%) and specificity (95.5%) in discriminating pannus
from thrombus. Finally, CT has also demonstrated clinical
value for the assessment of mitral paravalvular leakage after
surgical mitral valve replacement. Suh and co-workers com-
pared the diagnostic accuracy of CT, transthoracic echocardi-
ography, and TEE in 204 patients with previous surgical mi-
tral valve replacement, of which 78 underwent redo surgery.z
CT had very comparable accuracy to TEE, but appeared to
have superior sensitivity and negative predictive value than
transthoracic echocardiography (although the difference did
not reach statistical significance). TEE, however, was better in

FIGURE 2. Axial and sagittal oblique re-
constructions of a CORONARY CTA scan
in an 80-year-old female immediately
after implantation of a balloon-expanda-
ble transcatheter aortic valve prosthesis
(A and B), at 3 months- (C and D), and

at 6 months-follow-up (E and F). Note
subtle early hypo-attenuated thickening
(HALT) of the non-coronary cusp (A and
B) which progressed to 5 mm thickening

of the non-coronary cusp and inclu-

ded the right coronary cusp (C and D).
After a combination of clopidogrel and
phenprocoumon follow-up coronary CTA
showed almost complete resolution of
HALT. (E and F).

Reproduced with permission of Oxford Univer-
sity Press from Pache et al.

This Figure has been reprinted by permission
of Oxford University Press on behalf of the
European Society of Cardiology.



ljivost 1 negativnu prediktivnu vrijednost nad transtorakalnom
ehokardiografijom (iako razlika nije dosegnula statisticku zna-
¢ajnost). TEE je, medutim, bio bolji u predvidanju toénoga mjesta
paravalvularnog curenja od CT-a (86 prema 76 %).

Kardiovaskularna magnetna rezonancija

Dokazi koji upuc¢uju na dijagnosti¢ku i prognosti¢ku vrijednost
oslikavanja tehnikom CMR-a u osoba s poveéanim kardiova-
skularnim rizikom, u bolesnika s valvularnim bolestima srca
ili u bolesnika s kardiomiopatijama, sve su brojniji. Osnovni
patofizioloski mehanizmi aortopatija u bolesnika s bikuspid-
nom aortnom valvulom bili su Zariste ekstenzivnih istrazivanja
magnetnom rezonancijom. Da bi pokazali kako transvalvular-
ni reoloski poremecaji utjeCu na ekspresiju i teZzinu aortopatije
povezane s aortnom stenozom, Girdauskas 1 sur.?*, koristeéi se
konvencionalnim CMR-om, procijenili su 190 bolesnika s tes-
kom aortnom stenozom koji su bili podvrgnuti kirurskoj zami-
jeni valvule uz istodobni zahvat na proksimalnoj ascendentoj
aorti ili bez njega: 197 bolesnika je imalo bikuspidni zalistak, a
preostala 53 imala su trikuspidni zalistak. Aortopatija je defini-
rana endodijastolickim popre¢nim presjekom > 22 mm/m? ili >
40 mm na bilo kojoj razini proksimalne aorte. Udio bolesnika s
aortopatijom bio je veéi medu bolesnicima s bikuspidnim aor-
tnim zalistkom nego u bolesnika s trikuspidnim zalistkom (35
prema 11 %, P = 0,008). Kada se govori o reolo$kim parametrima
dobivenima CMR-om, bolesnici s bikuspidnom aortnom valvu-
lom imali su veéi kut izmedu izlaznog dijela LV-a i aortnog kori-
jena te su ¢escée imali asimetri¢ni otvor aortne valvule u uspo-
redbi s bolesnicima s trikuspidnom valvulom. Nakon provedene
logisticke regresijske analize, samo su kut izmedu izlaznog
dijela LV-a i aortnog korijena te kut izmedu mlaza sistolickoga
protoka i aortne stijenke neovisno povezani aortopatijom, dok
morfologija valvule nije bila povezana, §to upucuje na to da bi
u bolesnika s aortnom stenozom ovi reoloski parametri mogli
biti vaZniji za aortopatiju od same morfologije aortne valvule.
Cetverodimenzijski protoéni CMR dao je dodatan uvid u odnos
izmedu protoka krvi u ascendentnoj aorti i u morfologiju valvu-
le.?5%6 Koristec¢i se ovom tehnikom, Garcia i sur.?> u 50 bolesnika
s bikuspidnom i u 50 bolesnika s trikuspidnom valvulom i dila-
tiranom aortom pokazali su da bolesnici s bikuspidnom valvu-
lom imaju visu vrsnu vrijednost brzine protoka mlaza izmedu
izlaznog dijela LV-a 1 sinotubularnoga spoja u usporedbi s bole-
snicima s trikuspidnom valvulom, unato¢ sli¢cnim dimenzijama
aorte. Pri multivarijatnoj analizi, dob i vr$na vrijednost brzine
protoka mlaza jedini su znatno korelali s maksimalnim dimen-
zijama aorte. Osim toga, u 37 bolesnika s razli¢itim stupnjevi-
ma aortne stenoze 1u 37 zdravih volontera, spiralne i vertikalne
formacije protoka te ekscentriénosti protoka procjenjivani su u
ascendentoj aorti primjenom ¢etverodimenzijskoga proto¢nog
CMR-a.?® U usporedbi s zdravim volonterima, bolesnici s aor-
tnom stenozom ¢esce su pokazivali uoc¢ljivu spiralnu i vertikal-
nu formaciju protoka uz ekscentri¢ni protok s asimetri¢nom i
povisenom distribucijom vr$nog naprezanja stijenke u sistoli u
ascendentnoj aorti. Manje povrsine otvora aortne valvule pove-
zivane su s vise vertikalnih formacija protoka i ekscentri¢énoga
protoka s asimetriénim protokom, dok je morfologija bikuspidne
aortne valvule znatno povezana s intenzivnom spiralnom for-
macijom protoka 1 visim pomakom protoka te vr$nog napreza-
nja stijenke u sistoli.

Karakterizacije tkiva s kasnim nakupljanjem gadolinija (LGE)
1 T1 mapiraju¢im CMR tehnikama pokazale su se osjetljivije od
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predicting the exact location of paravalvular leakage than CT
(86% Vs. 76%).

Cardiovascular magnetic resonance

The evidence showing the diagnostic and prognostic value of
CMR techniques in individuals with increased cardiovascu-
lar risk, patients with valvular heart disease or patients with
cardiomyopathies is accumulating. The underlying patho-
physiological mechanisms of aortopathy in patients with
bicuspid aortic valve have been the focus of extensive CMR
research. To demonstrate how transvalvular rheological dis-
turbances influence the expression and severity of aortopa-
thy associated with aortic stenosis, Girdauskas et al.?* evalu-
ated with conventional CMR 190 patients with severe aortic
stenosis who underwent surgical aortic valve replacement
with or without concomitant surgery of the proximal ascend-
ing aorta: 137 patients had a bicuspid aortic valve while the
remaining 53 had a tricuspid aortic valve. Aortopathy was
defined by an end-diastolic cross-sectional diameter =22
mm/m2 or >40 mm at any level of the proximal aorta. The
proportion of patients with aortopathy was higher among
patients with bicuspid aortic valve as compared to patients
with tricuspid valve (35% vs. 11%, P = 0.008). In terms of CMR-
derived rheological parameters, patients with bicuspid aortic
valve had greater angle between the LV outflow tract and the
aortic root and more frequently asymmetric aortic valve ori-
fice compared with their counterparts. On logistic regression
analysis, only the angle between the LV outflow tract and the
aortic root, and the angle between the systolic flow jet and
the aortic wall were independently associated with aortopa-
thy whereas valve morphology was not associated, suggest-
ing that, in patients with aortic stenosis, these rheological
variables may be more related to aortopathy than aortic valve
morphology per se. Four-dimensional flow CMR has provided
further insight into the relation between blood flow patterns
in the ascending aorta and valve morphology.?52¢ Using this
technique, Garcia et al.?® showed in 50 patients with bicuspid
and 50 patients with tricuspid aortic valve and dilated aorta
that patients with bicuspid aortic valve have higher peak flow
jet velocity between the LV outflow tract and the sinotubular
junction compared with patients with tricuspid valve, de-
spite having comparable aortic dimensions. On multivariate
analysis, age and peak flow jet velocity were the only signifi-
cant correlates of maximal aortic dimensions. Furthermore,
in 37 patients with various grades of aortic stenosis and 37
healthy volunteers, helical and vertical flow formations and
flow eccentricity were assessed in the ascending aorta using
four-dimesional flow CMR.?¢ Compared with healthy volun-
teers, patients with aortic stenosis showed more frequently
marked helical and vertical flow formation and eccentric flow
with asymmetrical and elevated distribution of peak systolic
wall stress in the ascending aorta. Smaller aortic orifice areas
were assoclated with more vertical flow formation and ec-
centric flow and higher flow displacement whereas bicuspid
aortic valve morphology was significantly associated with
intense helical flow formation and higher flow displacement
and peak systolic wall shear stress.

Tissue characterization with late gadolinium enhance-
ment (LGE) and T1 mapping CMR techniques have shown to
be more sensitive than electrocardiographic parameters or
biomarkers to detect myocardial scar and fibrosis. Of 1840
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elektrokardiografskih parametara ili biomarkera u otkrivanju
oziljaka ili fibroze miokarda. Od 1840 sudionika u studiji MESA
koji pri prvom pregledu nisu imali klini¢ckih znakova KVB-a
(2000. —2002.) 1 u¢injen im je LGE CMR prilikom pregleda nakon
10 godina (2010. — 2012.), 146 (7,9 %) osoba imalo je oZiljke miokar-
da.?” U 78 % osoba oziljci miokarda nisu bili prepoznati elektro-
kardiogramom ni klini¢kom evaluacijom. Dob, muski spol, in-
deks tjelesne mase, arterijska hipertenzija i vrijednost CACS-a
(prilagodena spolu, dobi i etnic¢koj skupini) pri prvom pregledu
povezani su s prisutnoséu oziljaka miokarda nakon 10 godi-
na. Omjer Sansi za nastajanje oZiljka miokarda pri vrijednosti
CACS-a visoj od 400, triput je veéi nego pri CACS-u vrijednosti 0,
no prognosticki potencijal spomenutih vrijednosti do sada nije
utvrden. Chin i sur.?® istrazivali su povezanost fibroze miokarda
u podruc¢ju srednjeg djela stijenke s neZeljenim ishodom u bo-
lesnika s aortnom stenozom. Ukupno 147 ispitanika s aortnom
stenozom srednjega do teskoga stupnja, bez prethodnog infar-
kta miokarda, pristupilo je LGE-CMR-u. Osmisljen je model koji
ukljucuje klini¢ke, ehokardiografske i elektrokardiografske va-
rijable te biomarkere. Navedene su varijable bile neovisno pove-
zane s prisutno$cu oziljaka miokarda u podrucju srednjeg djela
stijenke. Niski rizik od fibroze miokarda odreden je rezultatom
<7 %, dok je visoki rizik odreden rezultatom > 57 %. Prognostic-
ka vrijednost ovog modela validirana je s pomocu dviju kohor-
t1 asimptomatskih bolesnika s minimalno srednjim stupnjem
aortne stenoze: 127 bolesnika u sklopu unutarnje kohorte te 289
bolesnika vanjske kohorte, ukupno 1560 bolesnik na godinu. U
internoj kohorti visok je rezultat bio povezan sa sedmerostru-
kim povecéanjem stope smrtnosti (13 vs. 2,1 ukupni mortalitet
na 100 pacijenata na godinu; P < 0,001). U skladu s navedenim
rezultatima, u vanjskoj kohorti bolesnici visokog rizika imali su
31,6 ishoda povezanih s aortnom stenozom (sréana smrt, ZS te
pojava novih simptoma) na 100 bolesnika/godina u usporedbi s
4,6 ishoda na 100 bolesnika/godina u skupni s rezultatom niske
razine rizika (p < 0,001).

Utvrdivanje reaktivne difuzne fibroze miokarda s pomocu
T1 tehnike mapiranja omogucilo je diferencijaciju izmedu hi-
pertrofijske kardiomiopatije i hipertrofije lijeve klijetke nasta-
le zbog arterijske hipertenzije.? Nativna T1 vremena i frakcija
izvanstani¢nog volumena (ECV) odraz su stupnja intersticijske
fibroze miokarda. Studija International T1 Multicenter CMR obu-
hvatila je ukupno 95 ispitanika s hipertrofijskom kardiomiopa-
tijom, 69 ispitanika s esencijalnom arterijskom hipertenzijom,
23 nositelja mutacija gena za sarkomere u kojih se nije razvio
fenotip hipertrofije LV te 23 zdrava pojedinca. Ispitanici s hiper-
trofijskom kardiomiopatijom imali su dulje nativno T1 vrijeme
(1169 + 41 ms vs. 1058 + 29 ms; P < 0,001) te visi ECV (0,31 £ 0,06
vs. 0,24 £ 0,04; P < 0,001), u usporedbi s ispitanicima s esenci-
jalnom arterijskom hipertenzijom. Vazno je istaknuti kako su
nositelji mutacija gena za sarkomere imali mnogo dulje nativno
T1 vrijeme u usporedbi sa zdravim ispitanicima (1105 £ 17 ms vs.
1044 + 18 ms; P < 0,001), no sli¢ne vrijednosti ECV-a. Zakljucuje
se da se ubolesnika s mutiranim genom za sarkomere, posebice
u onih bez fenotipskih obiljeZja, mapiranjem s pomocéu T1 CMR
tehnologije omogucéuje rana detekcija strukturnih promjena.
Isto tako, izraéunom vremena T1, vrijednosti ECV-a te viemena
T2 omoguceno je razlikovanje bolesnika s ranom neishemij-
skom dilatacijskom kardiomiopatijom od onih s fizioloskom
prilagodbom miokarda na vjeZbanje (ispitanici s tzv. sportskim
srcem).® Ispitanici s ranom prezentacijom dilatacijske kardio-
miopatije, s obzirom na ispitanike koji se bave aerobnim aktiv-
nostima viSe od 6 sati na dan, pokazali su znatno produZenje
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participants in the MESA study who were free of clinical car-
diovascular disease at baseline (in 2000-2002) and under-
went LGE CMR in the 10" year examination (2010-2012), 146
(7.9%) individuals showed myocardial scar.?” In 78% of them,
myocardial scar was unrecognized by electrocardiogram or
clinical evaluation. Age, male sex, body mass index, hyper-
tension, and CACS (adjusted for age, sex, and ethnicity) at
baseline were associated with presence of myocardial scar at
year 10. The odds ratio for myocardial scar of a CACS value
>400 was three-fold higher compared with CACS of 0. The
prognostic implications of these findings were not evaluated.
The association between presence of midwall myocardial
scar/fibrosis and adverse outcomes in patients with aortic
stenosis was investigated by Chin et al?® From 147 patients
with mild-to-severe aortic stenosis and no prior myocardial
infarction who underwent LGE CMR, a score including clini-
cal, biomarker, echocardiographic, and electrocardiographic
variables independently associated with the presence of mid-
wall myocardial scar/fibrosis was derived. Low risk of myo-
cardial fibrosis was defined by a risk score of <7% whereas
high risk was defined by a risk score of >57%. The prognostic
value of this score was validated in two cohorts of asympto-
matic patients with at least mild aortic stenosis: 127 patients
from an internal cohort and 289 patients from an external
cohort, resulting in 1560 patient-years. In the internal cohort,
a high risk score was associated with seven-fold higher mor-
tality rates compared with patients with low risk score (13 vs.
2.1 all-cause death/100 patient-years; P < 0.001). Similarly, in
the external cohort, high-risk patients had 31.6 aortic stenosis
related events (cardiovascular death, heart failure and new
symptoms)/100 patient-years compared with 4.6 aortic steno-
sisrelated events/100 patient-years in the low-risk patients (P
<0.001).

Assessment of reactive diffuse myocardial fibrosis with T1
mapping techniques has permitted differentiation between
hypertrophic cardiomyopathy and LV hypertrophy secondary
to hypertension.?® Native T1 times and extracellular volume
fraction (ECV) reflect the amount of interstitial myocardial fi-
brosis. The International T1 Multicenter CMR study included
95 patients with hypertrophic cardiomyopathy, 69 patients
with essential hypertension, 23 carriers of sarcomere gene
mutations without LV hypertrophy and 23 healthy volunteers.
Patients with hypertrophic cardiomyopathy had longer native
T1 times (1169 + 41 ms vs. 1058 + 29 ms, P < 0.001) and higher
ECV (0.31 £ 0.06 vs. 0.24 £ 0.04, P < 0.001) compared with hy-
pertensive patients. Interestingly, sarcomere gene mutation
carrlers had significantly longer native T1 times as com-
pared with healthy volunteers (1105 + 17 ms vs. 1044 + 18 ms,
P < 0.001) but similar ECV. Therefore, Tl-mapping CMR tech-
niques permit as well early detection of structural changes
in mutation carriers who have not developed yet the pheno-
type. Similarly, differentiation between patients with early
non-ischaemic dilated cardiomyopathy and individuals with
physiological adaptation to exercise (‘athlete’s heart’) has
been possible with calculation of native T1 times, ECV and
T2 times.*® Patients with early presentation of dilated cardio-
myopathy displayed significantly larger native T1 times, ECV
and T2 times (indicating replacement fibrosis) as compared
with individuals performing aerobic exercise more than 6 h
per week (Figure 3). These techniques have also helped to bet-
ter understand the LV diastolic function of patients with heart
failure and preserved LVEF. In 24 patients with heart failure



vremena T1, vise vrijednosti ECV-a te produZenje vremena T2
(Sto upucuje na reaktivnu nadomjesnu fibrozu) (Slika 3). Spome-
nutim je tehnikama omoguc¢eno bolje razumijevanje dijastolic-
ke funkcije LV-a u bolesnika sa ZS-om s o¢uvanim LVEF-om. U
24 bolesnika sa ZS-om 1 o¢uvanim LVEF-om, Rommel 1 sur®
upozorili suna ¢injenicu da je ECV neovisni prediktor invazivno
mjerene konstante krutosti LV (r =0,75; P < 0,01). Nadalje, bolesni-
ci s vrijednostima ECV-a manjima od medijana (32,3 %) pokazali
su produzeno aktivno vrijeme relaksacije LV-a, dok su bolesnici
s vrijednostima ECV-a visima od medijana pokazali vece vrijed-
nosti krutosti LV-a. Uo¢ena obiljeZja upucuju na razlike u pato-
loskim mehanizmima koji uzrokuju pojavu istovrsnih simpto-
ma. U MyoRacer studiji, istraZivana je dijagnosticka vrijednost
tehnika CMR mapiranja primjenom T11 T2 vremena u ukupno
129 ispitanika sa sumnjom na miokarditis (61 ispitanik s akut-
nim te 68 s kroni¢nim simptomima).®? Biventrikulska endomi-
okardijalna biopsija radena je u ukupno 93 % ispitanika. U grupi
s akutnim simptomima nativno T1 mapiranje imalo je najvecu
povrsinu ispod krivulje (AUC) za dijagnozu miokarditisa (0,82; P
=0,002), praceno T2 tehnikom (0,81; P = 0,001) te ECV tehnikom
(0,75; P = 0,04). Sve su navedene tehnike usporedivane s Lake
Louis kriterijima (0,56). U ispitanika s kroni¢nim simptomima
mapiranje s pomocu T2 omogucilo je razlikovanje izmedu mio-
karditisa i urednih nalaza te mnogo veéu povrsinu ispod krivu-
lje (0,77), u usporedbi s tehnikom nativnog T1 mapiranja (0,53 : P
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and preserved LVEF, Rommel et al.* showed that ECV was an
independent predictor of invasively measured LV stiffness
constant (r = 0.75; P < 0.01). Furthermore, patients with an ECV
below the median (32.3%) were characterized by prolonged
active LV relaxation whereas patients with an ECV above the
median showed higher LV stiffness constant suggesting dif-
ferences in the pathological mechanisms of symptoms. In
the field of myocarditis, the MyoRacer-Trial assessed the di-
agnostic accuracy of T1 and T2 mapping CMR techniques in
129 patients with suspected myocarditis (61 with acute and
68 with chronic symptoms).3? Biventricular endomyocardial
biopsy was performed in 93% of patients. In the group with
acute symptoms, native T1 mapping yielded the higher area
under the curve to diagnose myocarditis (0.82, P = 0.002) fol-
lowed by T2 mapping (0.81, P = 0.001) and ECV (0.75, P = 0.04)
as compared with Lake Louise criteria (0.56). In patients with
chronic symptoms, T2 mapping permitted differentiation be-
tween myocarditis and no myocarditis patients and provided
a significantly higher area under the curve (0.77) compared
with native T1 mapping (0.53, P = 0.004) and Lake Loiuse cri-
teria (0.53, P = 0.002). Finally, the prognostic implications of
T1 mapping CMR techniques were evaluated in a prospective
multicentre study which included 637 consecutive patients
with non-ischaemic cardiomyopathy.®® During a median fol-
low-up of 22 months, 28 patients died (22 from cardiac cause)
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FIGURE 3. Native T1 time, extracellular volume and T2 time assessed with CMR to differentiate between the early phase of
dilated cardiomyopathy and an ‘athlete’s heart’. CMR data acquisition in a healthy control (panels A-E), a patient with dilated
cardiomyopathy (panels F-J) and an individual with ‘athlete’s heart' (panels K-0). The healthy control had normal LVEF (58%,
panel A), the septal T2 time was 51.6 ms (panel B), the septal native T1 time was 924.9 ms (panel C) and there was no LGE
(panel D) or diffuse fibrosis (ECV 27%, panel E). In contrast, the patient with dilated cardiomyopathy showed mildly reduced
LVEF (48%, panel F), septal T2 time 59.8 ms (panel G), septal native T1 time 1017.8 ms (panel H) and midwall fibrosis in the
inferoseptum (panel I, arrow) on LGE and significant diffuse fibrosis as reflected by an ECV of 35% (panel J, arrow). In the in-
dividual with ‘athlete’s heart’, the LVEF was relatively preserved (53%, panel K), the septal T2 time was 50.4 ms (panel L), the
native T1 time was 931.4 ms (panel M) and there was no LGE (panel N) and the value of ECV was similar to that of the healthy
individual (28%, panel 0). Accordingly, early stages of dilated cardiomyopathy show mildly reduced function and development
of replacement fibrosis, phenomena not observed in healthy individuals or patients with ‘athlete’s heart'.

Reproduced with permission from Mordi et al.

This Figure has been reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology.

Cardiologia Croatica I
2017,12(5-6):183.



The year in cardiology 2016: imaging

=0,004) i Lake Louis kriterija (0,53; P = 0,002). Kona¢no, procjena
prognostickih implikacija T1 mapiranja s pomoc¢u CMR tehno-
logije provedena je u multicentri¢noj studiji koja je obuhvatila
ukupno 637 ispitanika s neishemijskom kardiomiopatijom.** U
medijanu vremena prac¢enja od ukupno 22 mjeseca, preminulo
je 28 ispitanika (22 od sr¢anog uzroka), dok je 68 ispitanika do-
segnuo zajednicku tocku iskljucenja iz studije zbog ZS-a. Svako
povecéanje od 10 ms u vremenu T1 pokazalo se neovisno poveza-
no s 10 % ve¢im rizikom ukupne smrtnosti te sa 7 % povec¢anja
rizika od ZS-a.

Uc¢inkovitost novijih metoda transkateterske terapije mitral-
ne regurgitacije poput MitraClip implantata (Abbott Vascular,
Menlo Park, CA) definirana je smanjenjem stupnja mitralne re-
gurgitacije, reverznog remodeliranja sréanih Supljina te pobolj-
Sanjem simptoma i pove¢anjem LVEF-a. Oslikavanje CMR-om
smatra se ,zlatnim standardom” pri procjeni volumena sréanih
Supljina. Promatrajuéi ukupno 20 ispitanika s ugradenim Mi-
traClip implantatom sedam dana nakon ugradnje, procijenjeni
su volumeni i funkcija lijeve i desne klijetke te cirkumferenci-
jalna i radijalna deformacija.** Iako su uoceni znatno poboljsa-
nje simptoma ZS-a te redukcija stupnja mitralne regurgitacije,
nisu dokazani znatno reverzibilno remodeliranje ni poboljsa-
nje sistolicke funkcije lijeve ili desne klijetke. Moguc¢i je razlog
prerano vrijeme ponovnoga snimanja s obzirom na trenutak
ugradnje MitraClipa. Vrijedno je spomenuti da ugradeni uredaj
ne utjece na kvalitetu snimanja CMR-om ni na preciznost odre-
divanja volumena klijeki.

Nuklearne metode oslikavanja

Mnogi su znanstveni radovi posveceni boljim metodama de-
tekcije KBS-a. Lee I sur.® proucavali su pozitronsku emisijsku
tomografiju (PET) s ®N-amonijem te izveli kvantitativne mjere
kao Sto su hiperemi¢ni miokardni protok krvi, koronarna rezer-
va protoka te relativna rezerva protoka. Navedene su mjere us-
poredivali s invazivnim FFR-om (< 0,8), koji je ,zlatni standard”
za detekciju funkcionalno vaZne stenoze koronarnih arterija.
Ova je studija odredila optimalne grani¢ne vrijednosti rezulta-
ta ®N-amonij PET metode za dijagnostiku znacajne KBS-ga, i to
kao 1,99 mL/min/g za hiperemiéni miokardni protok krvi, 2,12
za koronarnu rezervu protoka te 0,82 za relativnu rezervu pro-
toka. Tako su sva kvantitativna PET mjerenja bila mnogo bolja s
obzirom na relativnu procjenu perfuzijskih defekata, relativna
je rezerva protoka pokazala najvisu dijagnosti¢ku preciznost za
procjenu funkcijske vaznosti stenoze.

U multicentriénoj klini¢cki randomiziranoj studiji CE-MARC
2 (Clinical Evaluation of Magnetic Resonance Imaging in Coro-
nary Heart Disease-2) Greenwood i sur® procijenili su superior-
nost neinvazivnoga, slikovnim prikazom vodenog postupka sa
svrhom smanjenja broja nepotrebnih koronarografija (primarni
ishod) s obzirom na skrb uz isti cilj preporu¢en u smjernica-
ma National Institute for Health and Care Excellence (NICE).
Nepotrebne koronarografije definirane su kao prisutnost nesi-
gnifikantnih stenoza koronarnih arterija odredenih mjerenjem
FFR-a>0,81li stupnjem stenoze < 70 % na kvantitativnoj korona-
rografiji. Ukupno su 1202 simptomatska bolesnika sa sumnjom
na KBS uklju¢ena i randomizirana na stres CMR-a, scintigrafiju
miokardijalne perfuzije (MPS) ili na postupke definirane prema
smjernicama NICE-a. Nakon razdoblja pra¢enja od 12 mjeseci, u
skupini koja je slijedila smjernice NICE-a, zavrsetak studije do-
segnuo je 69 ispitanika (28,8 %), u skupini ispitanika pod kontro-
lom CMR-a mnogo manji broj od 36 (7,5 %) te 34 ispitanika (7,1 %)
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and 68 composite heart failure events were recorded. Each 10
ms increase in native T1 time was independently associated
with 10% increase in the risk of all-cause mortality and 7% in-
crease in the risk of composite heart failure events.

The efficacy of new transcatheter therapies for mitral re-
gurgitation such as the MitraClip device (Abbott Vascular,
Menlo Park, CA) is defined by reduction in mitral regurgita-
tion grade, reverse remodelling of cardiac chambers and im-
provement in LVEF and symptoms. Cardiovascular magnetic
resonance imaging is considered the reference standard to
assess cardiac chamber volumes. In 20 patients undergo-
ing MitraClip implantation, LV and right ventricular volumes
and function (including feature tracking circumferential and
radial strain) were assessed at baseline and 7 days after the
procedure.** Although there was a significant improvement in
heart failure symptoms and reduction in mitral regurgitation,
there was neither significant reverse remodelling nor im-
provement in systolic function of the LV and right ventricle.
Probably, CMR was performed too early after the procedure to
observe any meaningful change in ventricular volumes and
function. However, the device does not affect the image qual-
ity to assess ventricular volumes.

Nuclear imaging

Various articles were dedicated to improved detection of CAD.
Lee et al®* performed 13N-ammonia positron emission to-
mography (PET) and derived quantitative measures such as
hyperaemic myocardial blood flow, coronary flow reserve,
and relative flow reserve for comparison with invasive FFR
(<0.8) which is considered the reference for detecting func-
tionally significant coronary artery stenoses. This study
provides optimal cut-off values for 13N-ammonia PET for the
diagnosis of significant CAD, being 1.99 mL/min/g for hyper-
aemic myocardial blood flow, 2.12 for coronary flow reserve
and 0.82 for relative flow reserve. While all quantitative PET
measures performed significantly better than relative per-
fusion defect assessment, relative flow reserve showed the
highest diagnostic accuracy to predict the functional signifi-
cance of a stenosis.

In the Clinical Evaluation of Magnetic Resonance Imaging
in Coronary Heart Disease-2 (CE-MARC 2) multicenter ran-
domized clinical trial, Greenwood et al.*¢ assessed whether
non-invasive imaging-guided care is superior to National
Institute for Health and Care Excellence (NICE) guidelines-
directed care in reducing unnecessary angiography (primary
endpoint), defined as no significant coronary artery stenosis
based on FFR measurement >0.8 or <70% stenosis on quanti-
tative coronary angiography. A total of 1202 symptomatic pa-
tients with suspected CAD were enrolled and randomized to
stress CMR, myocardial perfusion scintigraphy (MPS) or NICE
guidelines-directed care. Within 12 months of follow-up, the
endpoint occurred in 69 (28.8%) patients in the NICE guide-
lines-directed care group, which was significantly reduced to
36 (7.5%) in the CMR group and to 34 (7.1%) in the MPS group (P
<0.001 for both vs. NICE, with MPS and CMR being not signifi-
cantly different).

The role of nuclear imaging in heart failure was highlighted
by sub-analyses of two important prospective trials: the PET
and Recovery Following Revascularization (PARR-2) study
and the Adreview Myocardial Imaging for Risk Evaluation
in Heart Failure (ADMIRE-HF).3"% The PARR-2 study is the



u MPS skupini (P < 0,001) za obje metode s obzirom na NICE, dok
se MPS i CMR medusobno statisticki ne razlikuju).

Uloga nuklearnih metoda oslikavanja u ZS-u istaknuta je
podanalizom dviju vaznih prospektivnih studija: PARR-2 (PET
and Recovery Following Revascularization) te ADMIRE-HF
(Adreview Myocardial Imaging for Risk Evaluation in Heart
Failure).*™* Studija PARR-2 najveca je randomizirana studija
koja prati prognosticke prednosti PET tehnologije s *F-fluoro-
deoksiglukozom (FDG) s obzirom na uobi¢ajeni algoritam skrbi
za bolesnike s teskom disfunkcijom LV-a te KBS-a, koji su eva-
luirani za revaskularizaciju ili transplantaciju. Ishodi nakon 5
godina nisu pokazali razlike u ucestalosti zajednickog ishoda
(sr¢ana smrt, infarkt miokarda ili hospitalizacija povezana sa
sréanom bolesti): 53 % bolesnika s PET dijagnostikom u odnosu
prema 57 % sa standardnom skrbi (HR 0,82, 95 % CI 0,62 — 1,07,
P = 0,15).*° Ako se promatraju samo bolesnici koji su se drzali
preporuka snimanja PET-a s FDG-om, ishod se znatno poboljsa-
va u skupini skrbi potpomognutoj PET snimanjem (HR 0,73, 95
% CI10,54 — 0,99; P =0,042). Navedeni rezultati upucuju na vrijed-
nost procjene vijabilnosti miokarda pomoc¢u PET-a u bolesnika s
disfunkcijom LV-a uzrokovanom ishemijom, a koji su kandidati
za revaskularizaciju.

Studija ADMIRE-HF upozorila je na vrijednost procjene sim-
pati¢ke inervacije miokarda *’I-jodobenzilguanidinom (mIBG)
u bolesnika sa ZS-om, s pomoc¢u koje se mogu prepoznati bo-
lesnici s poveéanim rizikom od ventrikulskih artimija i izne-
nadne sr¢ane smrti.*° U podstudiji u sklopu studije ADMIRE-HF,
Hachamovitch 1 sur® istrazili su utjecaj *I-mIBG scintigrafije
na poboljSanje ishoda i efikasnosti skrbi u bolesnika nakon
ugradnje kardioverterskog defibrilatora. Od 777 bolesnika (65 %
s ishemijskom bolesti srca) bez ugradenog ICD uredaja u trenut-
ku inicijalne scintigrafije s '*I-mIBG-om, preminulo ih je 75 (9,6
%), od toga 23 (3 %) iznenadnom sr¢anom smrti, dok su se u njih
ukupno 26 (3,3 %) razvile Zivotno ugrozavajuce aritmije u medi-
janu prac¢enja od 17 mjeseci. Scintigrafija '»*I-mIBG-om pokazala
se kao neovisni i inkrementalni pretkazatelj ukupne smrtno-
sti. Kao dodatak navedenom, u produzetku studije ADMIRE-HF
(ADMIRE-HFX), na uzorku od 619 bolesnika uz 319 bolesnika bez
ishemijske kardiomiopatije i s miokardijalnom perfuzijskom
scintigrafijom istaknuta je prognosticka relevantnost dinami-
ke unosa *°I-mIBG-a (koji reflektira miokardijalnu denervaciju)
te “mTc-tetrofosmina.®” Prosirenost i ozbiljnost miokardijalne
denervacije kvantificirana je udjelom zahva¢enog miokarda, a
denervacijski izracun zahvaéenog segmenta dobiven je iz mo-
dela od 17 elemenata s ljestvicom od 5 bodova. Izra¢unano je po-
drucje razlike u unosu izmedu *I-mIBG-a i “mTc-tetrofosmina.
Smrtnost je bila ve¢a u bolesnika s denervacijom koja je zahva-
¢ala vise od 50 % miokarda. Najveci rizik od sr¢ane smrti za bo-
lesnike s ishemijskom kardiomiopatijom, uocen je u ispitanika
s perfuzijskim defektima koji zahvacaju 20 — 40 % miokarda.
Za usporedbu, bolesnici s neishemijskom kardiomiopatijom i
manjim perfuzijskim defektima (< 20 % miokarda), ali s velikom
razlikom izmedu veli¢ine defekta nastalih smanjenim uno-
som #[-mIBG-a 1 “mTe-tetrofosmina, imali su vec¢u smrtnost,
Sto ¢ini potencijalnu prognosticku ulogu u stupnju denervacije
u regijama s o¢uvanom miokardnom perfuzijom u bolesnika s
neishemijskom kardiomiopatijom.

Ekscesivna stimulacija miokarda katekolaminima potencija-
lan je uzrok Tako tsubo kardiomiopatije, jedne od reverzibilnih
uzroka ZS-a. Kako bi provjerili ovu hipotezu, Christensen i sur*
promatrali su i pratili 32 bolesnika s dijagnozom tako-tsubo kar-
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largest randomized trial evaluating the prognostic benefit
of 18F-fluorodeoxyglucose (FDG) PET-assisted management
vs. standard care in patients with severe LV dysfunction and
CAD considered for revascularization or transplantation; the
5-year outcome data revealed no differences in the composite
event rate (cardiac death, infarction, or cardiac hospitaliza-
tion): 53% in the PET arm vs. 57% in the standard care arm (HR
0.82,95% CI10.62-1.07; P =0.15).*° However, if only patients who
adhered to the recommendation of the FDG PET scan were
included, the outcome was significantly improved in PET-as-
sisted management (HR 0.73,95% C1 0.54—-0.99; P =0.042). The
results suggest that evaluation of myocardial viability with
PET can aid in the decision making of patients with ischae-
mic LV dysfunction who are considered for revascularization.

The ADMIRE-HF study demonstrated that assessment of
myocardial sympathetic innervation with '?[-meta-iodo-
benzylguanidine (mIBG) scintigraphy has incremental prog-
nostic information in heart failure patients and may identify
patients with increased risk of ventricular arrhythmias or
sudden cardiac death.*® In a sub-study of the ADMIRE-HF
trial, Hachamovitch et al® investigated whether the use of
1231-mIBG imaging to guide implantable cardioverter defibril-
lator (ICD) implantation will result in improved patient prog-
nosis and efficiency of care. Of 777 patients (65% ischaemic
heart disease) who did not have an ICD at the time of the index
1231-mIBG scan, 75 (9.6%) died, 23 (3%) presented with sudden
cardiac death and 26 (3.3%) with life-threatening arrhythmias
during a median of 17 months. Planar 123[-mIBG imaging was
an independent and incremental predictor of all-cause mor-
tality. In addition, in the extension study of the ADMIRE-HF
trial (ADMIRE-HFX), the prognostic significance of patterns
of 1231-mIBG uptake (reflecting myocardial denervation) and
99mTc-tetrofosmin myocardial perfusion imaging was as-
sessed in 619 ischaemic and 319 non-ischaemic heart failure
patients.’” The extent and severity of myocardial denervation
were quantified as percentage of total myocardium and the
segment denervation score was calculated based on a 17-seg-
ment model using a 5-point scale. Moreover, the area of mis-
match between 123I-mIBG/99mTc-tetrofosmin uptake was
calculated. Mortality was higher in patients with denervation
involving >50% of the myocardium. The highest cardiac mor-
tality risk for ischaemic heart failure patients was observed
with perfusion defects involving 20—40% of the myocardium.
In contrast, non-ischaemic heart failure patients with small-
er perfusion abnormalities (<20% of myocardium), but with a
large discrepancy between 123I-mIBG and 99mTc-tetrofosmin
defect sizes, were at highest risk of cardiac death, suggesting
a potential prognostic role of the degree of denervation in ar-
eas with preserved myocardial perfusion in non-ischaemic
heart failure patients.

An excessive catecholamine stimulation of the myocar-
dium has been proposed as potential underlying mechanism
of Tako-tsubo cardiomyopathy, a reversible cause of heart
failure. To test this hypothesis, Christensen et al.** evaluated
at admission and follow-up the sympathetic cardiac innerva-
tion with 123I-mIBG scintigraphy and plasma cathecolamine
levels in 32 patients diagnosed with Tako-tsubo cardiomyo-
pathy and 20 controls. At admission, Tako-tsubo cardiomyo-
pathy patients showed lower cardiac 123I-mIBG uptake and
higher levels of epinephrine compared with controls. At fol-
low-up, cardiac 123I-mIBG uptake normalized whereas the
plasma epinephrine levels remained elevated in the Tako-
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diomiopatije uz 20 kontrola te procijenili simpatic¢ku inervaciju
miokarda s pomocu *I-mIBG scintigrafije i razine katekolami-
na u plazmi. U trenutku prijma bolesnici s dijagnozom tako-
tsubo kardiomiopatije pokazali su niZe razine sr¢anog unosa
12[-mIBG-a te vise razine epinefrina, u usporedbi s kontrolnom
skupinom. Pri daljnjemg pracenju, sréani se unos *I-mIBG-a
normalizirao, za razliku od razine katekolamina u plazmi koja
je ostala povec¢ana u skupini bolesnika s boleséu tako-tsubo.
Pretpostavlja se da uo¢ena adrenergi¢na aktivnost ima sredis-
nju ulogu u patogenezi ove kardiomiopatije te bi zbog toga tre-
balaimati i mjesto u klinickome pristupu ovakvim bolesnicima.

Naposljetku, nuklearne tehnike oslikavanja omogucile su
pristup vaznim dijagnostickim informacijama u bolesnika sa
sumnjom na endokarditis. Caobelli 1 sur.* snimili su 34 ispi-
tanika sa sumnjom na endokarditis nativnog zalistka (n = 12) i
umjetnih zalistaka (n = 22), koriste¢i se dvostrukim izotopima:
Hn-om oznacenim leukocitima te *®Tc perfuzijskim SPECT
snimanjem s pomocéu kadmij-cink-telurijskog (CZT) detektora
(Slika 4). Rezolucija visoke energije i osjetljivosti povezana s
tehnologijom kamere s CZT detektorom, omogucuje simultano
snimanje multiplih izotopa, ¢ime se poboljSava detekcija mole-
kularnih i stani¢nih signala. U usporedbi sa standardnom pla-
narnom scintigrafijjom s pomocu *In leukocita i SPECT-a, CZT
tehnologija uz dvostruke izotope pokazuje praktiénost i dodanu
dijagnosticku vrijednost jer omogucéuje napredniju kvalitetu sli-
ke, povecéava sigurnost pri opisivanju nalaza te povec¢anu pre-
ciznost temeljenu na kirurskim, odnosno Dukeovim kriterijima
tijekom daljnjega prac¢enja.
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and confirming the diagnosis of endocarditis.

Reproduced with permission from Caobelli et al.
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tsubo cardiomyopathy patients. This hyperadrenergic activ-
ity may play a central role in the pathogenesis of this cardio-
myopathy and may have important implications for clinical
management.

Finally, nuclear imaging techniques have provided impor-
tant diagnostic information in patients with suspected endo-
carditis. Caobelli et al*? performed dual-isotope imaging in
34 patients with suspected endocarditis of native (n = 12) or
prosthetic (n = 22) valves employing 111In-labeled white blood
cells (WBC) and 99mTec for perfusion imaging on a dedicated
cadmium-zinc-telluride (CZT) detector equipped SPECT (Fig-
ure 4). The high-energy resolution and sensitivity of novel
CZT detector equipped camera enable simultaneous imaging
of multiple isotopes enhancing the detection of molecular/
cellular signals. Compared with standard 111In-WBC planar
scintigraphy and SPECT, dual-isotope CZT imaging yielded
superior image quality, improved reader confidence, and im-
proved diagnostic accuracy based on surgery or Duke Criteria
during follow-up, thus demonstrating feasibility and added
diagnostic value.

Hybrid imaging

It is clear that hybrid imaging (integrating two imaging mo-
dalities, mostly PET-CMR or PET-CT) is claiming a position in
cardiovascular evaluations. Sometimes it is not necessary to
use hybrid imaging equipment, but simple fusion of the sepa-
rate images is also feasible. For example, fusion of coronary
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FIGURE 4. Evaluation of prosthetic valve endocarditis with nuclear imaging techniques. Representative images of a patient
with suspected endocarditis of aortic valve prosthesis. From left to right, planar white blood cell scans show blood pool, with
uncertainty about a valvular focus, whereas conventional SPECT/CT images suggest a potential hot spot in the region of the
prosthetic valve, but with limited resolution. Dual isotope cadmium-zinc-telluride (CZT) images show reduced noise and a
focal accumulation adjacent to the prosthetic valve suggesting the presence of endocarditis (arrows). During surgical aortic
valve replacement, an abscess was identified under the right coronary artery ostium, matching the hot spot on the CZT scan

HLA = horizontal long-axis; In = Indio; SA = short-axis; VLA= vertical long-axis; WBC = white blood cells.

This Figure has been reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology.




Tehnike hibridnog oslikavanja

Tehnike hibridnog oslikavanja (tehnike koje integriraju dva mo-
daliteta oslikavanja, najées¢e PET-CMR i PET-CT) pocinju zau-
zimati sve vaznije mjesto u dijagnostici KVB-a. Pokatkad nije
potrebno koristiti se naprednom opremom za hibridno snima-
nje, ve¢ se jednostavnim spajanjem odvojenih snimaka moze
zadovoljiti dijagnosti¢ka svrha. Kao primjer navodi se spoj ko-
ronarne CTA 1 SPECT snimke, a Nakahara 1 sur.* dodatno su
unaprijedili uobic¢ajene tehnike spajanja i oslikavanja. Omogu-
¢ili su spajanje SPECT bull’s eye prikaza s prikazom koronarnih
arterija. Usto, Maffessanti 1 sur. razvili su program za spajanje
trodimenzijskih prikaza koronarne anatomije dobivenih putem
CTA-a s mjerenjima longitudinalne kardijalne deformacije LV-a
dobivenih trodimenzijskom ehokardiografijom, omogucéujuci
tako vizualizaciju koronarnih stenoza zajedno s prikazom pra-
te¢ih funkcijskih ispada (u obliku smanjene deformacije LV-a)
(Slika 5).%4

U domeni molekularnog oslikavanja hibridne se tehnike sve
viSe primjenjuju za razumijevanje patofiziologije KBS-a, s poseb-
nim naglaskom na prikaz nestabilnih plakova. Bala i sur. rabili
su PET-CT i (VCAM)-1 oznacene s fluorom-18 (anti-VCAM-1 nano-
tijelo, cAbVCAM-1-5) za detekciju upale u arterijskim plakovima
na modelu ateroskleroze u misa.* U dijelovima aorte s veéim
stupnjem ateroskleroze, s pomoc¢u PET-CT-a 1 histologije, detek-
tiran je poveéani unos izotopa. Ovo je jedna od mnogih studija
koje istrazuju razlike izmedu nestabilnih i stabilnih aterosklerot-
skih plakova. Potrebno je vise Zivotinjskih modela fokusiranih na
koronarne arterije te s vremenom 1 niz translacijskih studija na
ispitanicima te na kraju studija s pra¢enjem ishoda.

Pozitronska emisijska tomografija kombinirana s kardiova-
skularnom magnetnom rezonancijom (PET-CMR) takoder se

Antero-septal view

Resting longitudinal strain (%)

Antero-lateral view
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CTA and SPECT images has been performed previously, but
the image fusion and presentation has been further devel-
oped by Nakahara et al.:*® with this approach it is possible to
present the SPECT bull's eye plot overlaid with the coronary
arteries. In addition, Maffessanti and colleagues developed
fusion software that combines three-dimensional displays
of the coronary anatomy obtained with coronary CTA with
colour maps of LV longitudinal strain obtained with three-
dimensional echocardiography, permitting visualization of
the coronary stenosis along with its functional consequences
(reduced LV strain) (Figure 5).4

Specifically in the field of molecular imaging, hybrid imag-
ing becomes increasingly used to understand pathophysiol-
ogy in CAD, with specific focus on vulnerable plaque imag-
ing. Bala and colleagues used PET-CT and fluorine-18 labelled
vascular cell adhesion molecule (VCAM)-1 (anti-VCAM-1
nanobody, cAbVCAM-1-5), to demonstrate the feasibility in
a murine-atherosclerotic model to detect aortic plaque in-
flammation.*s Increased tracer uptake was detected in aortic
regions with increased atherosclerosis both on PET-CT and
on histology. This is just one of the many studies ongoing to
obtain further insight in differences between vulnerable and
stable atherosclerotic plaques. In the short-term, more animal
studies are needed focusing on the coronary arteries, then
translational studies to patients, and finally outcome studies.

Positron emission tomography-cardiovascular magnetic
resonance imaging (PET-CMR) is another modality that is
increasingly used, and already some clinical studies in pa-
tients have been reported this year. Bulluck and coworkers
used PET-CMR and FDG in 21 patients with ST-segment—el-
evation myocardial infarction (STEMI) 5 days after infarction,
and follow-up scans were obtained 1 year later in 12 patients.*®

Infero-septal view

FIGURE 5. Fusion imaging of coronary CTA and three-dimensional speckle tracking echocardiography to assess the functional
consequences of coronary stenosis. Combined three-dimensional displays of speckle tracking and CTA, in a patient with >70%
stenosis in the mid right coronary artery (purple arrow). The infero-septal view shows reduced LV longitudinal strain in the
basal segment (colour-coded in orange shades) subtended by this coronary artery. In addition, note a diffuse calcified plaque

in the proximal left anterior descending coronary artery present causing reduced LV longitudinal strain in the mid-apical
segments of the antero-septal view.

Reproduced with permission from Maffessanti et al.

This Figure has been reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology.
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sve ¢eSce uporabljuje te je u ve¢ nekoliko ovogodi$njih studija
rabila kao glavna metoda oslikavanja. Bulluck i sur. snimili su
ukupno 21 bolesnika s pomo¢ PET-CMR-a i FDG-a scintigrafije
pet dana nakon akutnog infarkta miokarda s ST elevacijom, a
godinu dana poslije ponovno je snimljeno 12 bolesnika.*® Kar-
diovaskularna magnetna rezonancija rabljena je za procjenu
veli¢ine infarkta miokarda (pritom se koriste¢i CMR-om uz
naknadno poboljsanje kontrasta) te procjene podrucja mio-
karda pod rizikom (koristeéi se T2-mapiranjem). Ubrzo nakon
infarkta, podru¢je sa smanjenim unosom FDG-a bilo je znatno
vece povrsine nego podrucje infarkta prikazano pomoc¢u CMR
tehnike naknadno pojac¢anog kontrasta (37,2 + 11,6% vs. 22,3 £
11,7%; P < 0,001), no sli¢no veli¢ini podru¢ja miokarda pod rizi-
kom prikazanog s pomoc¢u T2 mapiranja CMR-om (37,2 + 11,6%
vs. 36,3 +12,2%; P =NS). Na snimkama nakon godine dana prace-
nja podrucje smanjena unosa FDG-a bilo je mnogo manje nego
na inicijalnim snimkama (19,5 [6,3 — 31,8 %] vs. 44,0 [21,3-55,3%];
P =0,002) te je veli¢inom koreliralo s podru¢jem infarkta prika-
zanom s pomoc¢u CMR-a s naknadnim poboljsanjem kontrasta.
Spomenuta saznanja korak su naprijed u razumijevanju proce-
sa stvaranja oZiljnoga tkiva nakon akutnog infarkta miokarda.

Rischpler i sur.*"koristili sudrugi pristup u primjeni PET-CMR
tehnologije, poglavito kako bi istrazili su vrijednost unosa FDG-
a u podrudju infarkta (podruc¢ju prikazanom uz pomoé CMR s
naknadnim poboljSanjem kontrasta) kao biosignala pri procjeni
funkcionalnog oporavka miokarda. PET-CMR snimke radene su
nauzorku od 49 ispitanika pet dana nakon infarkta, dok su CMR
snimke (za procjenu funkcijskog oporavka) napravljene 6-9 mje-
secl kasnije. Usporedbe PET-CMR snimaka s cirkuliraju¢im le-
ukocitima i monocitima koristene za kvantificiranje stani¢nog
imunoloskog odgovora. Unos fluordeoksiglukoze u podrucju
infarkta nadmasio je povrsinu definiranu naknadnim pojaca-
njem gadolinija (33,2 + 16,2 % miokarda lijeve klijetke prema 20,4
+10,6%; P < 0.0001), no korelirao je u podru¢ju miokarda pod ri-
zikom (r = 0,87, P < 0,0001), $to je indikator uloge ranog unosa
FDG-a kao biosignala ozljede miokarda. Periferni broj CDi14high/
CDI16+monocita korelira s veli¢inom podrucja infarkta te veli¢i-
nom podru¢ja unosa FDG-a, $to podupire hipotezu da unos FDG-
areflektira ozljedu miokarda. Nadalje, unos FDG-a u o§te¢enom
miokardu najveci je u podrucju s transmuralnim oziljkom te je
recipro¢no vezan za funkcijski oporavak. Sve navedene ¢inje-
nice mogle bi promijeniti pogled na postinfarktni unos FDG-a,
pokazujuéi da unos odrazava ozljedu miokarda, a ne vijabilnost.

Cardiovascular magnetic resonance imaging was used to as-
sess the infarct size (using late contrast-enhanced CMR) and
the area at risk (using T2-mapping). Immediately after infarc-
tion, the area of reduced FDG uptake was significantly larger
than the infarct size on late contrast-enhanced CMR (37.2 +
11.6% vs. 22.3 £ 11.7%; P < 0.001), but was similar to the area at
risk on CMR T2-mapping (37.2 + 11.6% vs. 36.3 + 12.2%; P = NS).
On the 1-year follow-up scans, the area of reduced FDG uptake
was significantly smaller as compared with the acute scans
(19.5 [6.3—31.8%] vs. 44.0 [21.3-55.3%]; P =0.002) and correlated
closely with the area of infarction on late contrast-enhanced
CMR. These findings contribute to our understanding of scar
formation over time after acute myocardial infarction.

Rischpler et al*” used PET-CMR from a different perspec-
tive, namely to explore the value of FDG uptake in the infarct
area (defined by late contrast-enhanced CMR) as a biosignal
to predict functional recovery. In 49 patients, PET-CMR was
performed within 5 days after infarction, and follow-up CMR
(to assess functional recovery) was performed 6—9 months
later. Comparison of PET-CMR with circulating leucocytes
and monocytes was performed to measure cellular innate im-
mune response. Fluorodeoxyglucose uptake in the infarcted
area exceeded late gadolinium enhancement extent (33.2 +
16.2% LV myocardium vs. 20.4 + 10.6%, P < 0.0001) and corre-
sponded to the area at risk (r = 0.87, P < 0.0001), indicating that
FDG uptake early after infarction may be a biosignal of myo-
cardial injury. The peripheral blood count of CD14high/CD16+
monocytes correlated with the infarction size and FDG up-
take, supporting the hypothesis that FDG uptake reflects in-
jury. Moreover, the FDG uptake in the infarcted myocardium
was highest in areas with transmural scar, and was related
inversely with functional recovery. All these findings may
change our view on FDG uptake early after infarction, namely
that it represents myocardial injury rather than viability.
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